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IORZTDQGSLSHIORZTXVLQJWKHUHODWLRQVKLSZN
 TNTNTN8VLQJHTXDWLRQVWRDQGDSURFHGXUHGHVFULEHGLQ>@ZHFDQH[SUHVVWKHLQSXWRXWSXW
UHODWLRQVKLSRIWKLVVLPSOHQHWZRUNZLWKWKH$50$PRGHOLQ
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,IWKHYDOYHRISLSHLVFORVHGWKHQHTXDWLRQVDQGUHPDLQWKHVDPHEXWWKHRXWSXW 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6LQFHIORZLQSLSHLV]HURDQGWKHIORZDWWKHRXWSXWLVDVVXPHGFRQVWDQWWKHSDUDPHWHUZNZLOOFKDQJHDQGLWLV
UHSODFHGE\WKHQHZUHODWLYHIORZZPNZKLFKLQWKLVFDVHLVHTXDOWR6LQFHZHDUHQRWLQWHUHVWHGRQWKHH[DFWHIIHFW
RIWKHYDOYHFORVLQJRQWKHSDUDPHWHUVEXWRQO\ZKLFKRIWKHPDUHDIIHFWHGVXEVHTXHQWO\ZHZLOOPDUNWKHSDUDPHWHUV
WKDWDUHDIIHFWHGZLWKWKHLQGH[PLQGLFDWLQJWKDWWKH\KDYHEHHQPRGLILHG%\IROORZLQJWKHVDPHSURFHGXUHZHXVHG
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WRDUULYHWRHTXDWLRQZHGHULYHWKHLQSXWRXWSXWUHODWLRQVKLSRIWKHPRGLILHGQHWZRUNLQWKHIRUPRIDQ$50$
PRGHO
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$VVKRZQLQVLQFHWKHYDOYHFORVLQJZLOODOWHUWKHZDWHUIORZVLQWKHQHWZRUNSLSHVWKHPLQLPXPDQGPD[LPXP
ZDWHUWUDQVSRUWGHOD\VIURPLQSXWWRRXWSXWZLOOEHDIIHFWHG$VDUHVXOWDOOWKHSDUDPHWHUVRIWKH$50$PRGHOFKDQJH
7KH VWUXFWXUH RI WKH LGHQWLILFDWLRQPRGHO GRHV QRW KDYH WR FKDQJH VLQFH WKH HIIHFW RI WKH LQSXWV FRUUHVSRQGLQJ WR
GLIIHUHQWWUDQVSRUWGHOD\VFDQEHDJJUHJDWHGLQWRWKHH[LVWLQJSDUDPHWHUV:KDWWKLVPHDQVLVWKDWWKHSDUDPHWHUVIRU
WKHPRGLILHGQHWZRUNZLOOQRWKDYHDOLQHDUUHODWLRQVKLSZLWKWKHSUHYLRXVSDUDPHWHUVDQGDQHWZRUNVLPXODWLRQLV
QHHGHGWRDVVHVVWKHHIIHFWWKDWWKHFKDQJHZLOOKDYHRQWKHDGDSWLYHSDUDPHWHUV
(QKDQFHGDGDSWLYHFRQWUROOHUZLWKDEUXSWK\GUDXOLFFKDQJHLQFRUSRUDWLRQFDSDELOLW\
'XHWRWKHVORZG\QDPLFVRIWKHZDWHUTXDOLW\PRGHOWKHV\VWHPLGHQWLILFDWLRQPRGHOZLOOQHHGVHYHUDOV\VWHPWLPH
SHULRGVWROHDUQWKHQHZSDUDPHWHUVFRUUHVSRQGLQJWRDPRGLILHGV\VWHPUHVXOWLQJLQDGHJUDGHGSHUIRUPDQFHRIWKH
FRQWUROOHUIRUDORQJSHULRGRIWLPH7RLQFRUSRUDWHWKLVFKDQJHLQWRWKHDGDSWLYHSDUDPHWHUVZHFRQVLGHUWKHIROORZLQJ
SURFHGXUH
 6WRSWKHSDUDPHWHUDGDSWDWLRQZKHQDQDEUXSWSODQQHGFKDQJHRQWKHQHWZRUNWRSRORJ\KDVRFFXUUHG
 6WDUWDVLPXODWLRQXVLQJWKHZDWHUQHWZRUNPRGHOWRFDOFXODWHWKHDGDSWLYHSDUDPHWHUVRIWKHVLPXODWHGQHWZRUN
$50$PRGHOZLWKRXWWKHK\GUDXOLFFKDQJHDQGXVLQJKLVWRULFDOGDWDIRUZDWHUGHPDQGV
 6WDUWDQRWKHUVLPXODWLRQLQFRUSRUDWLQJWKHK\GUDXOLFFKDQJHLQWRWKHVLPXODWLRQPRGHODQGFDOFXODWHWKHQHZ
$50$PRGHODGDSWLYHSDUDPHWHUVXVLQJWKHVDPHKLVWRULFDOGDWDIRUZDWHUGHPDQGV
 &DOFXODWH WKH FKDQJH LQSDUDPHWHUV XVLQJ D VXLWDEOHPHDVXUH DQG LQFRUSRUDWH WKDW FKDQJH LQWR WKH DGDSWLYH
SDUDPHWHUVRIWKHUHDOQHWZRUNHVWLPDWHG$50$PRGHO
 5HVWDUWWKHSDUDPHWHUDGDSWDWLRQ
7KHLQSXWRXWSXWUHODWLRQVKLSRIWKHUHDOZDWHUQHWZRUNLVUHSUHVHQWHGE\HTXDWLRQ'XULQJQRUPDORSHUDWLRQRI
WKHFRQWUROOHURQDUHDOZDWHUQHWZRUNWKHHVWLPDWHG$50$PRGHOSDUDPHWHUVZRXOGKDYHFRQYHUJHGDQGZRXOGRQO\
FKDQJHVOLJKWO\+HUHZHDVVXPHWKDWWKHDGDSWLYHDOJRULWKPVWRSVDGDSWLQJDIWHUWKHHVWLPDWLRQHUURUEHFRPHVVPDOO
GHDG]RQHPRGLILFDWLRQ7KHHVWLPDWHGPRGHORIWKHUHDOQHWZRUNZRXOGWKHQEHJLYHQE\ZKHUH  ÖULD N DQG Ö UO NE DUHWKHHVWLPDWHGPRGHOSDUDPHWHUVDIWHUWKHLGHQWLILFDWLRQHUURUKDVEHFRPHVPDOO
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:KHQDNQRZQDEUXSWK\GUDXOLFFKDQJHRFFXUVLQWKHZDWHUQHWZRUNDQRIIOLQHHVWLPDWRUXVLQJDVLPXODWLRQPRGHO
RIWKHUHDOQHWZRUNZLOOFDOFXODWHDQRIIOLQHPRGHORIWKHQHWZRUNXVLQJWKHXSWRWLPHKLVWRULFDOZDWHUGHPDQGVRI
WKHQHWZRUNWRFDOFXODWHWKHK\GUDXOLFV7KLVZLOOUHVXOWLQWKHRIIOLQHPRGHORI
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7KH GLIIHUHQFH LQ SDUDPHWHUV EHWZHHQ UHDO DQG PRGHO QHWZRUN DUH GHILQHG DV      Ö Ö ÖG U PL L LD N D N D N  DQG     Ö Ö ÖG U PO O ON N NE E E  7KHDOJRULWKPZLOOWKHQLQFRUSRUDWHWKHNQRZQK\GUDXOLFFKDQJHLQWRWKHVLPXODWLRQPRGHO
DQGFDOFXODWHWKHQHZRIIOLQHPRGHOJLYHQE\
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ZKHUH WKH SDUDPHWHUV  ÖP FKLD N DQG  ÖP FKO NE DUH WKH HVWLPDWHG PRGHO SDUDPHWHUV DIWHU WKH LGHQWLILFDWLRQ HUURU KDV
EHFRPH VPDOO DQG DUH JLYHQ E\      Ö Ö ÖP FK P FKL L LD N D N D N  DQG      Ö Ö ÖP FK P FKO O ON N NE E E  7KH SDUDPHWHUV DUH
GHILQHGLQUHODWLRQWRWKHRULJLQDOVLPXODWLRQPRGHOSDUDPHWHUV,WLVLPSRUWDQWWRQRWHWKDWGXULQJWKHQHZSDUDPHWHU
FDOFXODWLRQ WKH ROG SDUDPHWHUV DUH XVHG DV D VWDUWLQJ SRLQW ,Q DQ DWWHPSW WRPLQLPL]HPRGHOLQJ HUURUV RQO\ WKH
GLIIHUHQFH  ÖFKLD N DQG  Ö FKO NE EHWZHHQWKHSDUDPHWHUVLVXVHGWRDGMXVWWKHUHDOQHWZRUNSDUDPHWHUV7KHUHDOQHWZRUN
HVWLPDWLRQPRGHOZLWKWKHPRGLILHGSDUDPHWHUVDUHJLYHQE\
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ZKHUH      Ö Ö ÖU FK U FKL L LD N D N D N  DQG      Ö Ö ÖU FK U FKO O ON N NE E E  


)LJ:DWHUGLVWULEXWLRQQHWZRUNXVHGIRUVLPXODWLRQVLQGLFDWLQJWKHLQSXWQRGH1WKHRXWSXWQRGH1DQGWKHQHWZRUNSLSHWKDWLV
VFKHGXOHGWRFORVH3
6LPXODWLRQH[DPSOH
,QRUGHUWRLOOXVWUDWHWKHHIIHFWLYHQHVVRIWKHSURSRVHGDOJRULWKPWKHEHQFKPDUNZDWHUGLVWULEXWLRQQHWZRUNVKRZQ
LQ)LJZDVXVHG)LJDOVRVKRZVWKHLQSXWQRGH1DQGRXWSXWQRGH17KLVQHWZRUNFRQWDLQVWZR
VWRUDJH WDQNV Q  DQG WKHZDWHU IORZ LQ WKHSLSHVGHSHQGVRQO\RQ WKHZDWHU GHPDQGVZKLFK DUHSHULRGLFZLWK
SHULRGLFLW\RIKRXUV7KHUHVHUYRLULVWKHRQO\ZDWHUVRXUFH>@7KHZDWHUTXDOLW\VDPSOLQJWLPH7VLVPLQ7KH
PLQLPXPWUDQVSRUWGHOD\IURPQRGHWRQRGHLVPLQVDPSOHV7KHPRYLQJDYHUDJHSDUDPHWHUVRI
WKH$50$PRGHOVWDUWDWWKHPLQLPXPGHOD\DQGSURJUHVVHYHU\PLQVDPSOHVXSXQWLOWKHPD[LPXPWUDQVSRUW
GHOD\RIPLQVDPSOHV
7KHLGHQWLILFDWLRQPRGHOXVHVWKHQRUPDOL]HGJUDGLHQWPHWKRGZLWKDOHDUQLQJUDWHȖ DQGWKHGHVLJQSDUDPHWHU
F 7KHUHDUHILYHPRYLQJDYHUDJHSDUDPHWHUVDQGWZRDXWRUHJUHVVLYHSDUDPHWHUV7KHSHULRGLFDGDSWLYHFRQWURO
VFKHPHLVXVHGZLWKQLQH)RXULHUWHUPVIRUHDFKFRHIILFLHQWRIWKH$50$PRGHOZKLFKPHDQVDWRWDORIî 
SDUDPHWHUVDUHHVWLPDWHG7KHGHVLUHGFKORULQHFRQFHQWUDWLRQDWQRGHLVPJO,Q)LJZHVHHWKHVLPXODWLRQ
GXULQJQRUPDORSHUDWLRQ7KHFKORULQHFRQFHQWUDWLRQDWWKHPRQLWRUHGQRGHUHDFKHVWKHGHVLUHGYDOXHDQGWKHDGDSWDWLRQ
LVVWRSSHGDIWHUWKHLGHQWLILFDWLRQHUURUEHFRPHVVPDOOWKXVWKHDGDSWLYHSDUDPHWHUVPDLQWDLQDFRQVWDQWYDOXH
1
1
3
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:HWKHQLQYHVWLJDWHWKHHIIHFWRIDQDEUXSWK\GUDXOLFFKDQJHLQWKHQHWZRUN:HFKRRVHWRFORVHDYDOYHRQSLSH
DWKRXURIWKHVLPXODWLRQ7KHHIIHFWRIWKLVFKDQJHGXULQJQRUPDORSHUDWLRQLVVKRZQLQ)LJD:HFDQ
REVHUYHWKDWWKHFRQWUROOHUSHUIRUPDQFHLVGHJUDGHGIRUDWOHDVWKRXUVDIWHUWKHHYHQWVLQFHWKHLGHQWLILFDWLRQPRGHO
QHHGVWRDGMXVWWKHHVWLPDWHGSDUDPHWHUV%\DSSO\LQJWKHSURSRVHGPRGLILFDWLRQDQRIIOLQHVLPXODWLRQRIWKHQHWZRUN
LVSHUIRUPHGXVLQJKLVWRULFDOYDOXHVIRUZDWHUGHPDQGV7KHQHZSDUDPHWHUVFDOFXODWHGDUHWKHQLQFRUSRUDWHGLQWRWKH
H[LVWLQJHVWLPDWLRQPRGHOZLWKWKHSURFHGXUHGHVFULEHGLQ6HFWLRQ7KHLPSURYHPHQWLQFRQWUROOHUSHUIRUPDQFHLV
VKRZQLQ)LJE:HFDQVHHWKDWLWLVSRVVLEOHIRUWKHFRQWUROOHUQRWWRH[SHULHQFHDQ\GHJUDGDWLRQLQSHUIRUPDQFH
E\LQFRUSRUDWLQJWKHSURSRVHGPRGLILFDWLRQ


)LJ&KORULQHFRQFHQWUDWLRQFRQWUROGXULQJQRUPDORSHUDWLRQ7KHPRGHOHVWLPDWRUXVHVSDUDPHWHUVWRHVWLPDWHWKHSHULRGLFFRHIILFLHQWVRI
WKHLQSXWRXWSXW$50$PRGHORIWKHZDWHUQHWZRUN7KHFRQWUROOHUWKHQXVHVWKHHVWLPDWHGPRGHOWRPDLQWDLQDFRQVWDQWFKORULQHUHVLGXDORI
PJODWWKHPRQLWRUHGQRGH

)LJ$QDEUXSWK\GUDXOLFFKDQJHRFFXUVLQWKHZDWHUQHWZRUNDWKRXULQGLFDWHGE\DUHGOLQH,QDWKHWUDFNLQJHUURU_\WUW_GXULQJWKH
FKDQJHXVLQJWKHUHJXODUDGDSWLYHFRQWUROOHUDQGLQFWKHFRUUHVSRQGLQJFRQWUROLQSXW,QEWKHWUDFNLQJHUURU_\WUW_GXULQJWKHFKDQJHXVLQJ
WKHHQKDQFHGDGDSWLYHFRQWUROOHUDQGLQGWKHFRUUHVSRQGLQJFRQWUROLQSXW
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&RQFOXVLRQ
7KHXVHRIRQOLQHVHQVRUVIRUFKORULQHUHVLGXDOGHWHFWLRQLVWRGD\DYDLODEOHZLWKLQZDWHUGLVWULEXWLRQV\VWHPVEXW
RQO\XVHG IRUPDQXDOFRQWURORIFKORULQH UHVLGXDOV%RRVWHUFKORULQDWLRQXQLWVFDQEHGHVLJQHGXVLQJSUHSDFNDJHG
V\VWHPVDYDLODEOHIURPVSHFLDOL]HGYHQGRUV)HHGEDFNFRQWURORIGLVLQIHFWDQWUHVLGXDOLVZLWKLQUHDFKDQGDZDLWVWKH
GHVLJQRIUHOLDEOHDQGUREXVWIHHGEDFNFRQWURODOJRULWKPVIRUWKLVVSHFLILFDSSOLFDWLRQ
3HULRGLFDGDSWLYHFRQWUROE\WDNLQJDGYDQWDJHRIWKHSHULRGLFLW\RIZDWHUGHPDQGVJLYHVVRPHSURPLVLQJUHVXOWV
%\ VROYLQJ VRPH LVVXHV WKDW PD\ DULVH OLNH WKH HIIHFW RI DEUXSW K\GUDXOLF FKDQJHV RQ WKH DGDSWLYH FRQWUROOHU
SHUIRUPDQFHSHULRGLFDGDSWLYHFRQWUROEHFRPHVDSULPHFDQGLGDWHIRUWKLVDSSOLFDWLRQ)XWXUHZRUNZLOODOVRFRQVLGHU
WKHSUREOHPRIPXOWLLQSXWPXOWLRXWSXW V\VWHPVZKHUHPRUH WKDQRQHERRVWHUFKORULQDWLRQ VWDWLRQZLOOEHXVHG WR
UHJXODWHGLVLQIHFWDQWUHVLGXDOWRPRUHWKDQRQHRIWKHQHWZRUNQRGHVDQGDGGUHVVLQJDQ\DSSOLFDWLRQVSHFLILFSUREOHPV
WKDWPD\DULVHXVLQJWKLVSUREOHPIRUPXODWLRQ
$FNQRZOHGJHPHQWV
7KLVUHVHDUFKKDVEHHQIXQGHGE\WKH(XURSHDQ5HVHDUFK&RXQFLOXQGHUWKH(5&$GYDQFHG*UDQW(5&$'*
 ³)DXOW$GDSWLYH 0RQLWRULQJ DQG &RQWURO RI &RPSOH[ 'LVWULEXWHG '\QDPLFDO 6\VWHPV´ )$8/7
$'$37,9(
5HIHUHQFHV
>@5-%XOO+HDOWKHIIHFWVRIGULQNLQJZDWHUGLVLQIHFWDQWVDQGGLVLQIHFWDQWE\SURGXFWV(QYLURQ6FL7HFKQRO$$
>@5&ODUN/5RVVPDQ/:\PHU0RGHOLQJ'LVWULEXWLRQ6\VWHP:DWHU4XDOLW\5HJXODWRU\,PSOLFDWLRQV-:DWHU5HVRXU3ODQQ0DQDJH

>@'%RFFHOOL07U\E\-8EHU/5RVVPDQ0=LHUROI03RO\FDUSRX2SWLPDO6FKHGXOLQJRI%RRVWHU'LVLQIHFWLRQLQ:DWHU'LVWULEXWLRQ
6\VWHPV-:DWHU5HVRXU3ODQQ0DQDJH
>@6&RQVWDQV%%UpPRQG30RUHO6LPXODWLRQDQG&RQWURORI&KORULQH/HYHOVLQ:DWHU'LVWULEXWLRQ1HWZRUNV-:DWHU
5HVRXU3ODQQ0DQDJH
>@03URSDWR-8EHU/LQHDU/HDVW6TXDUHV)RUPXODWLRQIRU2SHUDWLRQRI%RRVWHU'LVLQIHFWLRQ6\VWHPV-:DWHU5HVRXU3ODQQ0DQDJH

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